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METHOD FOR MANUFACTURING SEMICONDUCTOR DEVICE WITH 
CONTACT BODY EXTENDED IN DIRECTION OF BIT LINE 

CROSS-REFERENCE TO RELATED APPLICATION 

This application claims priority to Korean Patent Application No. 
2002-0078388, filed on December 10, 2002, which is incorporated herein by 
reference. 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to semiconductor devices. More 
specifically, the present invention relates to a method for manufacturing 
semiconductor devices with storage electrode contact bodies that extend in a 
direction toward a bit line to increase the contact area between a storage 
electrode contact body and a storage electrode of a capacitor. 

BACKGROUND 

As semiconductor devices become more highly integrated, the size of a 
transistor has been reduced, and the integration density of DRAM cells have 
increased, e.g., producing 1 giga-bit DRAM cells on a large scale. 

Generally, a DRAM cell includes a single transistor and a capacitor, and 
the single-transistor DRAM cell requires the capacitor to store a sufficient charge 
to allow the cell state to remain true between refresh cycles. Further, a DRAM 
cell can be categorized as either a stacked cell or a trench cell depending on the 
method used in forming the cell capacitor. Referring to a stacked DRAM, there 
have been various approaches used to obtain a cell capacitor that occupies a 
smaller area to comply with a reduction in a design rule. For example, a method 
of increasing the height of a storage electrode of a capacitor, a method of 
increasing an effective surface area using hemi-spherical grains (HSG), and a 
method of utilizing both the inner and the outer areas of a cylinder through a 
capacitor of one cylinder storage (CCS) have been widely developed. In 
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particular, it lias been proposed that an OCS capacitor is the most likely type of 
capacitor to occupy a smaller area to comply with a future reduction in a design 
rule. 

However, a conventional OCS capacitor causes twin bit failure. Twin bit 
5 failure occurs when a capacitor electrode in a DRAM cell falls down and contacts 
another capacitor electrode of another DRAM cell, thereby causing each DRAM 
cell to fail. In other words, a cylindrical capacitor electrode is prone to fall down 
when storage electrodes are 2-dimensionally disposed and a space interval 
therebetween is sharply reduced due to a reduction in the design rule. 

10 FIG. 1 is a top plan view illustrating a semiconductor device with a 

conventional storage electrode. 

Referring to FIG. 1 , conventional storage electrodes 50 of an OCS 
capacitor are arranged at right angles to each other in a direction of a bit line 30 
and a word line, i.e., a gate line 20. In a top plan view, storage electrodes 50 

15 may be formed as rectangles, each of the storage electrodes having a major axis, 
e.g., in a direction of the bit line 30, and are disposed to be adjacent to each 
other in a direction of the bit line 30. In addition, the right-angled edges may be 
rounded as shown in Fig. 1. Further, the storage electrodes 50 formed as 
rectangles have a minor axis, e.g., in a direction of the gate line 20, and are 

20 disposed to be adjacent to each other in a direction of the gate line 20, 

In a DRAM cell having a rectangular electrode and complying with a 
design rule of 0.1 pm, the size of the rectangle electrode in the major-axis 
direction would be about 300 nm and in the minor-axis direction would be about 
120 nm. Therefore, a space interval between the storage electrodes 50 is no 

25 more than about 80 nm. Further, the height of the storage electrode 50 should be 
about 1500 nm to secure the capacitance required of a DRAM. 

Accordingly, the height/width ratio of the cylindrical storage electrode 50 
becomes 12 or more. Thus, the cylindrical storage electrode 50 is highly 
susceptible to falling down. When the storage electrodes 50 lean or fall, the 

30 storage electrodes come into contact with each other due to the very narrow 
space interval of 80 nm therebetween. Thus, a twin bit failure is experienced. 
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As the design rule of a DRAM cell is reduced, e.g., to about 100 nm or less, the 
likelihood of the twin bit failure between storage electrodes also increases. 

It has been recognized that the collapse of the storage electrodes 50 
results from the arrangement of the storage electrodes 50 as illustrated in FIG. 1 . 

5 For this reason, there have been many attempts to change the arrangement of 
the storage electrodes 50 to increase the space interval therebetween. 

When the storage electrodes 50 are arranged as shown in FIG. 1 , the 
storage electrodes 50 can be aligned with the contact bodies, which electrically 
connect the storage electrodes 50 with an active region 1 1 , defined by a device 

10 isolation region 1 5 of a semiconductor substrate. However, if the arrangement of 
the storage electrodes 50 is altered, the contact bodies cannot be appropriately 
aligned with the storage electrodes 50. As illustrated in FIG. 1 , in a 
conventional method, the storage electrodes 50 overlap the conductive buried 
contact pads 41 , which are formed on the active region 11 of the semiconductor 

15 substrate. Further, if the storage electrodes 50 are an-anged differently, the 
storage electrodes 50 may be misaligned with the conductive buried contact 
pads 41 . 

The conventional storage electrodes 50 are electrically connected to the 
active region 11 by buried contact pads 41 formed on the active region 11 of the 

20 semiconductor substrate and storage electrode contact bodies (not shown) 

formed thereon, for example, buried contacts. As illustrated in FIG. 1 , when a 
center of the storage electrode 50 coincides with that of the buried contact pad 
41 , the storage electrode contact body may be formed between the storage 
electrode 50 and the buried contact pad 41 such that the center of the storage 

25 electrode contact body coincides with that of the buried contact pad 41 . 
However, as described above, if the center of the storage electrode 50 is 
misaligned with the buried contact pad 41, it becomes difficult to align the center 
of the storage electrode 50 with that of the storage electrode contact body. Thus, 
the contact area between the storage electrode 50 and the storage electrode 

30 contact body is reduced, thereby causing defects due to an increase in the 
contact resistance. 



3 



Therefore, there is a need for a storage electrode contact body (not 
shown), i.e., a buried contact, having a new structure to be disposed between the 
conductive buried contact pad 41 and the storage electrode 50. 

Further, a conductive direct contact pad 45 is disposed around the 
5 conductive buried contact pad 41 . The conductive direct contact pad 45 is 
spaced apart from the conductive buried contact pad 41 and is used as a 
medium to electrically connect the active region 1 1 of the semiconductor 
substrate with a bit line 30. Thus, the storage electrode contact body, i.e., the 
buried contact with a new structure, which will be disposed between the 

10 conductive buried contact pad 41 and the storage electrode 50, should be 

sufficiently spaced apart from the direct contact pad 45 to prevent any defects 
from occurring, e.g., a short circuit. Therefore, it is very difficult to dispose the 
storage electrode contact body or the buried contact with the new structure with a 
wider width to be aligned to the storage electrodes disposed in the new 

15 arrangement. 

Accordingly, the storage electrode contact body should have a new 
structure to enable a smooth electrical connection between the storage 
electrodes 50 and the active region 1 1 of the semiconductor substrate. This 
makes it possible to change the planar structure of the storage electrode 50 or 

20 the arrangement of the adjacent storage electrodes 50 to prevent a collapse of 
the storage electrodes 50 of the OCS capacitor. In addition, the new storage 
electrode contact bodies should be embodied in consideration of a misaligned 
margin or an overlay margin between layers. In addition, to enhance process 
feasibility, a resolution limit in a photolithography process should be considered 

25 with a reduction in a design rule. 

Therefore, a need exists for increasing the contact area between a 
storage electrode contact body and a storage electrode of a capacitor in a 
semiconductor device to prevent such occurrences as twin bit failure. 
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SUMMARY OF THE INVENTION 

Exemplary embodiments of the invention include methods for 
manufacturing semiconductor devices with contact bodies that extend in the 
direction of a bit line to increase the contact area between a contact body and a 
5 storage electrode. Exemplary methods provide improvements in a misaligned 
margin, an overlay margin, or a process margin of elements that electrically 
connect the storage electrode with a semiconductor substrate. 

In one exemplary embodiment of the invention, there is provided a method 
comprising forming gate lines on a semiconductor substrate, forming a first 

10 insulating layer to cover the gate lines, forming first contact pads and second 
contact pads, wherein the first and second contact pads are electrically 
connected to the semiconductor substrate between the gate lines, forming a 
second insulating layer to cover the first contact pads and the second contact 
pads, forming bit lines which cross over the gate lines and are electrically 

15 connected to the second contact pads by penetrating the second insulating layer, 
forming a third insulating layer to cover the bit lines, selectively etching the third 
insulating layer to form a band-type opening which crosses the bit lines and 
exposes the first contact pads, forming a conductive layer on the third insulating 
layer to fill the opening, patterning the conductive layer to form individual storage 

20 electrode contact bodies, each of which includes an extension that extends on 
the third insulating layer in a direction of the bit line and a body that is electrically 
connected to a first contact pad, and forming a storage electrode on each of the 
storage electrode contact bodies. 

In another exemplary embodiment of the invention, the method may also 

25 include forming the storage electrode by forming an electrode supporting layer to 
cover the storage electrode contact bodies, forming a mold layer on the electrode 
supporting layer, patterning the mold layer to form a mold, wherein the mold 
forms the storage electrode into a 3-dimensional shape, forming a conductive 
layer on the mold, patterning the conductive layer to separate the conductive 

30 layer into individual storage electrodes, selectively removing the mold. 
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In yet another exemplary embodiment of the invention, there is provided a 
method for manufacturing a semiconductor device comprising selectively etching 
an insulating layer formed on a semiconductor device to form a band-type 
opening, wherein the opening crosses bit lines and exposes first contact pads 
which are electrically connected to an active region in the semiconductor device, 
forming a conductive layer on the insulating layer to fill the band-type opening, 
patterning the conductive layer to form individual storage electrode contact 
bodies, wherein each of the contact bodies includes an extension that is 
extended on the insulating layer in a direction of the bit line and a body that is 
electrically connected to a first contact pad, forming a storage electrode on each 
of the storage electrode contact bodies. 

In still another exemplary embodiment of the invention, the method 
includes forming the storage electrode by forming an electrodje supporting layer 
to cover the storage electrode contact bodies, forming a mold layer on the 
electrode supporting layer, patterning the mold layer to form a mold, wherein the 
mold forms the storage electrode into a 3-dimensional shape, forming a 
conductive layer on the mold, patterning the conductive layer to separate the 
conductive layer into individual storage electrodes, selectively removing the 
mold. 

In still yet another exemplary embodiment of the invention, the method 
includes the electrode supporting layer comprising an etch stop layer that is used 
as an etch stopper when the mold is removed. 

According to the exemplary embodiments of the present invention, contact 
bodies are formed to extend in a bit line direction to increase the contact area 
between a contact body and a storage electrode. Thus, a misalignment margin, 
an overiay margin, or a process margin of elements, which electrically connect 
the storage electrode to a semiconductor substrate, can be increased. In addition, 
the storage electrodes may be the storage electrodes arranged in a diagonal 
direction from the direction of the bit line or a gate line. 
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These and other exemplary embodiments, features, aspects, and 
advantages of the present invention will be described and become apparent from 
the following detailed description of the exemplary embodiments when read in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a top plan view illustrating a semiconductor device with a 
conventional storage electrode. 

FIGS. 2A and 2B through 9A and 9B, and FIGS. 10A through 10C are 
varying views illustrating methods for manufacturing semiconductor devices with 
contact bodies extending in a direction of a bit line to increase the contact area 
between a contact body and a storage electrode, according to exemplary 
embodiments of the present invention. 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 
The present invention will now be described more fully hereinafter with 
reference to the accompanying drawings, in which preferred embodiments of the 
invention are shown. This invention may, however, be embodied in different 
forms and should not be constructed as limited to the embodiments set forth 
herein. Rather, these embodiments are provided so that this disclosure will be 
thorough and complete, and will fully convey the scope of the invention to those 
skilled in the art. 

Preferably, a buried contact, i.e., a storage electrode contact body, and a 
buried contact pad are used to electrically connect a storage electrode of a 
capacitor to a semiconductor substrate. Even though the storage electrodes are 
arranged at an angle to a bit line, i.e., in a diagonal direction from a direction of a 
bit line or a gate line (i.e., a word line), a portion of the storage electrode contact 
body extends in a direction of the bit line to increase the contact area between 
the storage electrode and the storage electrode contact body. 



Also, preferably, an opening which is substantially the same shape as the 
storage electrode contact body is formed as a band type in a direction of the gate 
line. Also, a conductive layer is deposited to fill the band-type opening, and 
then photolithography and etching processes are carried out to separate the 
conductive layer into individual storage electrode contact bodies. By forming 
the band-type opening, process conditions, such as a process margin or 
resolution, can be achieved for a photolithography process. Also, the 
photolithography and etching processes for separating the conductive layer into 
the individual storage electrode contact bodies can increase the top surface area 
of each storage electrode contact body. 

According to an exemplary embodiment of the present invention, the 
storage electrode contact body can have an increased top surface expanded in a 
direction of the bit line. Therefore, when the storage electrodes are arranged in 
a diagonal direction or a diagonal direction from the direction of the bit line or the 
gate line, the contact area between the storage electrode contact body and the 
storage electrode can be increased. Accordingly, in a plan view, the storage 
electrodes can be disposed in a new arrangement, thus increasing a space 
interval therebetween. This prevents the storage electrodes from falling and 
making contact with each other, thereby preventing twin bit failure. 

FIGS. 2A and 2B through 9A and 98, and FIGS. 10A through 10C are 
varying views illustrating methods for manufacturing semiconductor devices with 
contact bodies extended in a direction of a bit line to increase the contact area 
between a contact body and a storage electrode, according to exemplary 
embodiments of the present invention. 

FIG. 2A is a top plan view illustrating an active region 1 10 is defined on a 
semiconductor substrate. FIG. 2B is a cross-sectional view taken along a 
major-axis direction of the active region 1 10 of FIG. 2A. Referring to FIQS. 2A 
and 2B, a device isolation region 150 is formed to define an active region 1 10 by 
applying a trench isolation process to a silicon semiconductor substrate 100. In 
addition, a trench may be formed to a depth of about 2500 A to about 3000 A in 
consideration of a design rule of a device. The device isolation region 150 
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determines the shape of the active region 1 10, e.g., as a "T shape active region 
as illustrated in FIG. 2A. 

Further, a photolithography process and an ion implantation process may 
be applied to the semiconductor substrate 100, to form a well (not shown), a 

5 channel of a transistor, and the like. 

FIGS. 3A and 3B are a top plan view and a cross-sectional view, 
respectively, illustrating the fomiation of a gate line on the semiconductor 
substrate 100. Refening to FIGS. 3A and SB, a plurality of gate patterns 200 are 
formed in lines across the active region 110. Preferably, an oxide layer (not 

10 shown), which is formed on the active region 110 during the ion implantation 

process, is removed using a wet etching process. Then, a thermal oxide layer is 
grown over the active region 1 10 to a thickness of about 40 A to about 60 A, 
thereby forming a gate oxide layer 21 0. The gate oxide layer 210 may be 
formed to a different thickness depending on characteristics of a desired device. 

15 Next, gate layers 220 and 230 and a gate capping insulating layer 260 are 

sequentially formed on the gate oxide layer 210. The gate layers 220 and 230 
may be formed of a conductive material, e.g., a conductive doped polysilicon 
layer may be deposited to the thickness of about 1000 A as the gate layer 220, 
and a metal silicide layer (e.g., a tungsten silicide layer), which improves 

20 conductivity of the gate, may be formed to a thickness of about 1 000 A as the 
gate layer 230. Then, a silicon nitride layer may be fornied on the tungsten 
silicide layer 230 to a thickness of about 2000 A. The silicon nitride layer is 
used as a capping insulating layer 260 prevents the gate from being damaged 
during a subsequent etching process. 

25 Next, the capping insulating layer 260 and the gate layers 220 and 230 

are successively patterned by photolithography and etching processes. Thus, a 
plurality of gate lines 200 are formed across the active region 1 10 as illustrated in 
FIG. 3A. Then, a photolithography process and an ion implantation process are 
performed with consideration of a characteristic and a region of an NMOS 

30 transistor or a PMOS transistor to be formed. Thus, a source region and a drain 
region of the transistor are formed in a lightly doped drain (LDD) structure. 
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Thereafter, an insulating layer (not shown) Is deposited to cover the gate 
lines 200, and the gate lines 200 are etched to fomn gate spacers 270 that cover 
the sidewalls of the gate lines 200. Preferably, the gate spacers 270 are a silicon 
nitride. 

FIGS. 4A and 4B are a top plan view and a cross-sectional view, 
respectively, illustrating formation of contact pads 410 and 450. Referring to 
FIGS. 4A and 4B, a first insulating layer 300 is formed to fill portions disposed 
between the gate lines 200. The first insulating layer 300 may be formed of a 
silicon oxide layer, e.g., high density plasma (HDP) oxide or a 
borophosphosilicate glass (BPSG), which exhibit good gap filling characteristic. 
Afterwards, the top surface of the first insulating layer 300 is planarized using 
chemical mechanical polishing (CMP). 

Next, a plurality of contact pads 410 and 450 are formed in the first 
insulating layer 300 by using a Self-Aligned Contact (SAC) process. The 
contact pads 410 and 450 can be classified into a first contact pad 410, i.e., a 
buried contact pad, and a second contact pad 450, i.e., a direct contact pad. In 
addition, the buried contact pad electrically connects the active region 1 10 to a 
storage electrode to be formed in a subsequent process. And, the direct contact 
pad electrically connects the active region 1 10 to a bit line, to be formed in a 
subsequent process. Further, the first and second contact pads 410 and 450, 
between which the gate line 200 is disposed, are disposed in diagonal directions 
to each other. 

Forming the contact pads 410 and 450 may comprise a photolithography 
process and a selective etching process. Thus, portions of the first insulating 
layer 300, where bit line contacts and storage electrode contacts will be formed, 
are selectively removed, thereby forming first contact holes to form contact pads 
to expose the active region 110. Next, an ion implantation process is applied to 
the exposed portion of the active region 1 10 to lower a contact resistance 
between the active region 1 10 and contact pads 410 and 450 to be fonned later. 
Then, a conductive layer, for example, a doped polysilicon containing n-type 
impurities, is deposited to the thicl<ness of about 2500 A to fill the first contact 
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holes. Next, the conductive layer is etched using a dry etch process, such as an 
etchback or a CMP process, to expose the top surface of the first insulating layer 
300. Thus, the contact pads 410 and 450, which fill the first contact holes, are 
obtained. 

In addition, forming the contact pads 410 and 450 may comprise forming a 
band-type opening (not shown) using a SAC process to expose positions where 
a plurality of contact holes will be formed, forming a conductive layer to fill the 
opening, and then planarizing the conductive layer. 

FIGS. 5A and 5B are a top plan view and a cross-sectional view, 
respectively, illustrating the resultant structure where the bit line 600 is formed. 
Referring to FIG. 5A and 5B, a second insulating layer 510 is formed on the first 
insulating layer 300 to cover the contact pads 410 and 450. The second 
insulating layer 510 insulates a bit line from the first contact pad 410, i.e., the 
buried contact pad. Preferably, the second insulating layer 510 is a silicon oxide 
layer. 

Next, a second contact hole 51 1 is formed to expose a top surface of the 
second contact pad 450, i.e., the direct contact pad, by penetrating the second 
insulating layer 51 0. The second contact hole 51 1 is used to form a second 
contact, such as a direct contact, which will be used to electrically connect the 
second contact pad 450 and a bit line 600. 

Then, the bit line 600 is formed and is electrically connected to the second 
contact pad 450. For example, a barrier metal layer 610 and a metal conductive 
layer 650, such as a tungsten layer, are deposited and patterned to form the bit 
line 600. A second contact 605, which fills the second contact hole 51 1 , 
electrically connects the bit line 600 with the second contact pad 450. In other 
words, the second contact 605 forms a direct contact that electrically connects 
the bit line 600 with the second contact pad 450. 

Then, a bit line capping insulating layer 660 and a silicon nitride layer may 
be formed over the bit line 600. In addition, bit line spacers 670 are formed on 
the sides of the bit line 600. Preferably, the bit line spacers 670 are formed from 
a silicon nitride. The capping insulating layer 660 and the spacer 670 are 
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formed to prevent the bit line 600 from being damaged during a subsequent 
process of forming a storage electrode contact body, i.e., a buried contact layer. 

FIGS. 6A and 6B are a top plan view and a cross-sectional view, 
respectively, illustrating the formation of a first photoresist pattern 710 as a 
band-type on a third insulating layer 530 covering the bit line 600. Referring to 
FIGS. 6A and 6B, after forming the bit line 600, a third insulating layer 530 is 
formed to cover the bit line 600. Preferably, the third insulating layer 530 is a 
silicon oxide having good gap filling characteristics, e.g., a HDP oxide or a BPSG. 
Then, the surface of the third insulating layer 530 is planarized as needed. 
Preferably, the planarizing process is a CMP. 

A first photoresist pattern 710 is formed on the third insulating layer 530. 
The first photoresist pattern 710 is used during photolithography and etching 
processes for forming an opening. The opening is used to form a buried contact, 
i.e., a storage electrode contact body, to connect a first contact pad 410 with a 
storage electrode, to be formed later. The first photoresist pattern 710 is formed 
as a band-type on the third insulating layer 530 and exposes a portion of the third 
insulating layer 530 covering the plurality of first contact pads 410, which are 
disposed in rows. In addition, the first photoresist pattern 710 may be formed as 
either a line-type or a band-type pattern along the gate line 200. 

The first photoresist pattern 710 is formed as a band shape to secure a 
wider resolution margin during the photolithography process for patterning the 
first photoresist pattern 710. With a photolithography process of lower 
resolution than required for the photolithography process for forming a contact 
hole exposing the first contact pad 410, it is possible to form the band-type first 
photoresist pattern 710 as described above. In other words, if ArF 
photolithography process is necessary to form a contact hole exposing the first 
contact pad 410, it is possible to form the foregoing first photoresist pattern 710 
by using KrF photolithography process. This means an increase in a process 
margin for the photolithography process can be secured. 

The first photoresist pattern 710 may be formed such that an exposed 
portion of the third insulating layer covering the first contact pad 410 is wider than 
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the width of the first contact pad 41 0. Thus, the process margin required for the 
photolithography process for patterning the first photoresist pattern 710 can be 
increased. Nevertheless, if necessary, the first photoresist pattern 71 0 may be 
formed to expose a relatively narrow portion of the top surface of the first contact 
5 pad 410. Even when the first photoresist pattern 71 0 is formed to expose a 

relatively narrow portion of the first contact pad 410, the process margin required 
for the photolithography process can be increased. This is because a band-type 
pattern can increase a resolution margin required for a photolithography process 
more than a contact-type pattern. 

10 FIGS. 7A and 7B are a top plan view and a cross-sectional view, 

respectively, illustrating the formation of a band-type opening 531 to expose a 
plurality of first contact pads 410. Referring to FIGS. 7A and 7B, the exposed 
third insulating layer 530 is selectively etched by using the first photoresist 
pattern (710 of FIG. 6A) as an etch mask to form the band-type opening 531 . If 

15 the third insulating layer 530 is a silicon oxide, a dry etch process may be applied 
to the silicon oxide. The etching process is performed to expose the top surface 
of the first contact pad 410. 

A band-type opening 531 is obtained by etching along the gate line 200. 
Thus, the plurality of first contact pads 410 are exposed in rows within the region 

20 exposed by the band-type opening 531 . Also, the band-type opening 531 is 
formed across the bit lines 600 which are adjacent to the first contact pads 410. 
As illustrated in FIGS. 7B and 58, since the sides and the tops of the bit lines 600 
are prevented from being damaged during the etching process by the bit line 
spacer 670 and the bit line capping insulating layer 660, the bit lines 600 are not 

25 exposed by the band-type opening 531 . 

The width of the band-type opening 531 is determined by the width of the 
portion exposed by the first photoresist pattern 710. Thus, when the width of 
the third insulating layer 530, exposed by the first photoresist pattern 710, is 
wider than that of the first contact pad 410, the width of the band-type opening 

30 531 is wider than that of the first contact pad 410. As the width of the band-type 
opening 531 increases, a misalignment between a storage electrode, to be 
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formed later, and the first contact 410 may occur while still exposing the top 
surface of the first contact pad 410. Thus, an overlay margin is further increased. 

As the band-type opening 531 is formed, a third insulating layer 530', 
which is patterned as the band shape, is formed along the gate line 200. 

Further, although not shown in FIGS. 7A and 7B, a hard mask may be 
used under the first photoresist pattern (710 of FIG. 6A), if required for the 
etching process. 

FIGS. 8A and 8B are a top plan view and a cross-sectional view, 
respectively, illustrating the formation of a conductive layer 800 on the third 
insulating layer 530' to fill the band-type opening 531 . Referring to FIGS. 8A and 
8B, the conductive layer 800 (e.g., a conductive polysilicon layer), which fills the 
band-type opening 531, is formed on the patterned third insulating layer 530'. 
The conductive layer may be thick enough to fill the band-type opening 531 using 
a CVD process. Preferably, the conductive layer 800, such as a conductive 
polysilicon layer, extends to cover the third insulating layer 530'. Actually, the 
conductive layer 800 covers the bit line capping insulating layer 660 and the bit 
line spacer 670, which cover the bit line 600 and are exposed by the band-type 
opening 531. 

FIGS. 9A and 98 are a top plan view and a cross-sectional view, 
respectively, illustrating that the conductive layer 800 is separated into separate 
storage electrode contact bodies 810. Referring to FIGS. 9A and 98, the 
conductive layer 800 is patterned using photolithography and etching processes 
and thus separated into individual storage electrode contact bodies 810, i.e., 
buried contacts. A second photoresist pattern 750 is formed on the conductive 
layer 800 and then used as an etch mask to selectively etch the exposed portion 
of the conductive layer 800. Preferably, the exposed portion of the conductive 
layer 800 is etched using a dry etch process. The etching process is carried out 
until the exposed portion of the conductive layer 800 is completely removed, 
thereby separating the conductive layer 800 into the individual storage electrode 
contact bodies 810. 
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Because portions of the storage electrode contact bodies 810 overlap the 
bit lines 600, an etching process is carried out to expose a top surface of the bit 
line capping insulating layer 660 formed on the bit line 600 to completely 
separate the storage electrode contact bodies 810 along the gate lines 200, as 
illustrated in FIG. 9A. Also, when the etching process is performed until the top 
surface of the third insulating layer 530' is exposed, the separation of the storage 
electrode contact bodies 810 is completed along the bit lines 600. Because the 
top surface of the third insulating layer 530' is disposed higher than that of the bit 
line capping insulating layer 660, the separation process is completed when the 
top surface of the bit line capping insulating layer 660 is exposed. Preferably, a 
silicon nitride layer is used to form bit line capping insulating layer 660 and may 
be used as an etch stopper in the etching process during the separation process. 

The storage electrode contact bodies 810 obtained by the separation 
process are formed to electrically connect the first contact pads 410 with storage 
electrodes to be formed in a subsequent process. In the preferred 
embodiments of the present invention, the storage electrodes are disposed in a 
new arrangement rather than in a matrix shape along the bit lines and the word 
lines as illustrated in FIG. 1. 

For example, the storage electrodes are arranged in zigzag pattern in a 
direction of the bit lines 600 (See FIG. 9A). In other words, the adjacent storage 
electrodes are arranged in a diagonal direction from the bit lines 600. In 
addition, the storage electrodes are arranged to be zigzag pattern in a direction 
of the gate lines 200. In other words, the adjacent storage electrodes are 
arranged in a diagonal direction of the gate lines 200. The arrangement of the 
storage electrodes will be described in more detail with reference to the 
appended drawings. 

However, when the storage electrodes are arranged in a diagonal 
direction of the bit lines 600 or the gate lines 200, the center of the storage 
electrode may be misaligned from the center of the first contact pad 41 0. Thus, 
a top surface of the storage electrode contact body 810 is preferably extended in 
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a direction of tlie bit line 600 to electrically connect the storage electrode with the 
first contact pad 410. 

As the opening 531 is extended in a direction of the bit line 600 as 
described above, a body 81 1 , which fills the opening 531 of the storage electrode 
contact body 810. may be extended in a direction of the bit line 600. Preferably, 
to increase the contact area between the storage electrode contact body 810 and 
the storage electrode, the storage electrode contact body 810 has an extension 
81 1 at the top of the body 815. The extension 81 1 is a portion of the storage 
electrode contact body 810 that extends over the top of the third insulating layer 
530' in a direction toward the bit line 600. 

Preferably, the second photoresist pattern 750 is used as an etch mask to 
form the storage electrode contact body 810 having the extension 81 1 . For 
example, the second photoresist pattern 750 is preferably formed to cover the 
portion of the conductive layer 800 such that the width of the second photoresist 
pattern 750 is wider than the opening 531 and forms the extension 81 1 along a 
major axis toward a bit line 600. In other words, the second photoresist pattern 
750 is preferably formed to allow the extension 81 1 to be extended in a direction 
of the bit line 600. 

As illustrated in FIG. 9B, the extension 811 of the patterned storage 
electrode contact body 810 is extended to cover a portion of the top of the third 
insulating layer 530' and, as illustrated in FIG. 9A, the extension 81 1 is extended 
in a direction of the bit line 600. Preferably, the adjacent extensions 81 1 , 
between which the bit line 600 is disposed, are preferably extended in opposite 
directions to each other. This allows the adjacent storage electrodes to be 
formed on the extension 81 1 are arranged in a diagonal direction of the bit line 
600. In addition, the adjacent extensions 81 1 enable the extensions 81 1 to be 
aligned with and to overlap the storage electrode. Thus, a contact resistance 
between the storage electrode and the storage electrode contact body 810 can 
be reduced. 

Further, a portion of the conductive layer 800 may be patterned as a 
resistor (not shown) during the etching process for separating the conductive 
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layer 800 into the individual storage electrode contact bodies 810. The resistor 
is applied to a peripheral circuit region in a semiconductor device such as DRAM. 
Accordingly, although not shown in the drawings, the portion of the conductive 
layer 800, which is extended to the peripheral region of the semiconductor device, 
is used as the resistor. By forming the resistor using the conductive layer 800 
during the etching process, the entire process for fomriing the semiconductor 
device can be simplified. 

FIG. 1 0A is a top plan view and FIGS. 10 B and IOC are cross-sectional 
views illustrating the formation of a storage electrode 900, according to another 
exemplary embodiment of the present invention. 

FIG. 1 0A is a schematic top plan view illustrating the storage electrode 
900 formed on the storage electrode contact body 810. FIG. 1 0B is a 
cross-sectional view illustrating a step of applying a mold layer 950 to form the 
storage electrode 900 in a cylindrical shape, and FIG. IOC is a cross-sectional 
view illustrating a step of forming the storage electrode 900. 

Referring to FIGS. 10A, 10B, and 10C, the storage electrode 900, which is 
electrically connected to the storage electrode contact body 810, is formed in a 
cylindrical shape. The storage electrode 900 may also be formed as a circular, 
elliptical, or rectangular shape. As illustrated in FIG. 10A, the storage electrode 
900 is arranged with other adjacent storage electrodes 900 in a diagonal 
direction from the bit lines 600 or the gate lines 200. In other words, the storage 
electrodes 900 are arranged in a zigzag pattern along the bit lines 600 or along 
the gate lines 200. 

As the storage electrodes 900 are arranged as described above, a space 
interval therebetween is increased. Accordingly, the collapse of the storage 
electrode causing twin bit failure is prevented. 

The storage electrodes 900 are disposed on the storage electrode contact 
bodies 810. As described above, because the storage electrode contact bodies 
810 are formed to have the extensions 81 1 at the tops thereof along the bit lines 
600, the contact area between the storage electrode contact body 810 and the 
storage electrode 900 is increased. Even though the center of the storage 
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electrode 900 may be misaligned from the center of the first contact pad 410, the 
contact area between the storage electrode 900 and the first contact 410 can be 
secured by the storage electrode contact body 810 including an extension 
extending on a top surface of the third insulating layer 530 toward the bit line 
5 600. 

To form the storage electrode 900 as a 3-dimensional shape, such as a 
cylinder, a mold 950 as illustrated in FIG. 10B can be adopted. More 
specifically, a mold layer can be formed on the storage electrode contact body 
810 and the third insulating layer 530' to a thickness of about 1500 nm. 

10 A fourth insulating layer 930 may be additionally formed under the mold 

layer Preferably, the fourth insulating layer 930 comprises a silicon oxide layer 
and a silicon nitride layer, wherein the silicon oxide layer serves as an electrode 
supporting layer and the silicon nitride layer serves as an etch stopper when the 
mold layer is subsequently removed. The silicon nitride layer for an etch stopper 

15 may be formed to a thickness of about 500 A. In addition, the electrode 

supporting layer may be omitted if necessary. The electrode supporting layer is 
preferably thick enough to cover the storage electrode contact body 810. Also, 
after forming the electrode supporting layer, a process for planarizing the surface 
of the electrode supporting layer may be added. 

20 After forming the storage electrode 900, the mold layer formed on the 

fourth insulating layer 930 will be removed. Preferably, the mold layer is formed 
of a removable material such as plasma enhanced tetraethylosilicate (PETEOS). 

After depositing the mold layer, a portion where the storage electrode 900 
will be formed is selectively removed using photolithography and etching 

25 processes. Thus, the mold layer is patterned until the top surface of the storage 
electrode contact body 810 is exposed. Thus, the mold 950 is formed. Preferably, 
the etching process for forming the mold 950 is completed at the etch stopper 
layer, i.e., a silicon nitride layer. 

Afterwards, the conductive layer is formed on the mold 950 and is 

30 extended to cover the top surface of the exposed storage electrode contact body 
810. The conductive layer may be formed of conductive polysilicon to a 
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thickness of about 400 to about 500A using CVD. In the case that a capacitor is 
formed as a metal-insulator-metal (MIM) structure, the conductive layer may be 
formed of a material used as an electrode of the MIIVI capacitor. 

A sacrificial insulating layer (not shown) is deposited on the conductive 
layer to a thickness of about 3000 to about 6000 A and then planarized using a 
dry etch process or chemical mechanical polishing (CMP). Thus, as illustrated 
in FIG. 10C, the conductive layer is separated into individual storage electrodes 
900. For a tight separation, the planarizing process is performed until the top 
surface of the mold 950 is exposed. In other words, about 1000 to about 2000 A 
of the sacrificial insulating layer is etched and removed by the planarizing 
process. Next, the sacrificial insulating layer and the mold 950 are selectively 
removed using a wet etch process having an etch selectivity with respect to 
polysilicon and silicon oxide. Thus, a cylindrical storage electrode 900 
illustrated in FIG. 10C is formed. 

According to exemplary embodiments of the present invention as 
described above, when a storage electrode contact body is formed using a 
contact hole, the misalignment can be minimized between the storage electrode 
contact body and a storage electrode. Furthermore, a band-type opening is 
formed and a conductive layer filling the opening is separated into individual 
storage electrode contact bodies through photolithography and etching 
processes. Thus, a body of the storage electrode contact body having an 
extension can be self-aligned to an extension which is integrally formed on the 
body. 

Therefore, a misalignment can be prevented between layers, and also an 
overlay margin can be scaled down. In addition, as the extension and the body 
of the storage electrode contact body are integrally formed, any additional 
process for extending the storage electrode becomes unnecessary. For 
example, steps of adopting a buffer layer and planarizing or etching the buffer 
layer can be omitted. 

When the storage electrode contact body is formed using a contact hole, 
the contact hole is typically formed using an ArF photolithography process in 
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consideration of the pitcli and resolution. However, the band-type opening can 
be formed using a KrF photolithography process. 

According to exemplary embodiments of the present invention, the storage 
electrode contact body can be formed having a top portion that extends over an 
insulation layer in a direction toward a bit line. Further, storage electrodes can be 
arranged in the new arrangement by which the center of the storage electrode 
contact body is misaligned from the center of a buried contact pad disposed 
thereunder. In other words, the adjacent storage electrodes can be arranged in a 
diagonal direction from the bit lines or gate lines. Thus, a space interval 
between the storage electrodes is increased by the new arrangement. 
Therefore, a bridge between the storage electrodes, which is often caused in 
cylindrical storage electrodes, is eliminated. 

While the present invention has been particularly shown and described 
with reference to preferred embodiments thereof, it will be understood by those of 
ordinary skill in the art that various changes in form and details may be made 
therein without departing from the spirit and scope of the present invention as 
defined by the following claims. 
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